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Contribution from the Department of Chemistry, University
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THE PHOTOLYSIS AND FLUOREZ(ENCE OF DIETHYL KETONE AND DIETHYL
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KETONE - BIACETYL MIXTURES AT 3130 3 AND 2537 R
By
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1. This research was supported in part by the United States Air
Force through the Air Force Office of Sclentific Research of the
Alr Research and Development Command, under Contract Number

AF 18(600)1528 precsently AF 49(638)579. Reproduction in whole
or in part is permitted for any purpose by the United States
Govermment,

2. Postdoctoral Fellow 1958-1960 under a grant from the Camille
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The photolysis of diethyl ketone and the photolysis and
phosphorescence of diethyl ketone-biacetyl mixtures have been
studied at 3130 K and 2537 K. The addition of biacetyl at
3130 R decreases the photodecomposition of diethyl ketone and
increases the phosphorescence of blacetyl. An energy transfer
from excited ligéigi diethyl ketone to bilacetyl is proposed and
there is evidence that the oropionyl radical formed from the
singlet state at 313G R 1s sufflciently ™ot" to dissociate into
an ethyl radical and carbon monoxide. At 2537 R dissociation
appears to ozcur from the initially formed upper singlet state
and there is no evidence that the triplet state intervenes. A
detailed mechanism is presented for the vrimary process in ci-
ethyl ketone and for the energy transfer between diethyl ketone
and blacetyl,

Introduction

The vupor rhase photodecomposition of dlethyl kctone at
3-12
-]
3130 A has been extensively studied and a comprehensive

¥ .
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The light emission from excited diethyl ketone has not b:en
' 14
so well studied although Matheson and Zabor have recorded an
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emission from 4350 K to 5460 X with a maximum around 5200 R.
8ince the emission is similar to that observed with propion-
aldehyde; they have ascribed it to the diketone bipropionyl
formed durirg radigtion. This effect is similar to that observed
in acetone where the green emission is due to blacetyl.

This paper presents the results obtained from an investi-
ga..on of the primary process involved in the photodecomposition
of diethyl ketone and of diethyl ketone-blacetyl mixtures and the
energy interchange between excited diethyl ketone and blacetyl.

Experimental

Eastman Kodak diethyl ketone was used., The ketorie was

distilled under dry nitrogen through about thirty theoretical
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platee and a middle fractior, conetant boiling at 102,7°, re-
tained ard stored over arhydrous copper eulphate., The fraction
was thoroughly degassed at dry-ice terperature in a vacuum line
and the middle fraction retained from a bulb-to-bulb distil-
latior. Wo impurities could be detected in the mass spectrum
and var.or phase chroratogram. Eastran white-label blacetyl
. wag drled over Drierite, degaseed and fractionated in a bulb-to-
bulb distiliation. A vapor phase chroratogram gave impurities
of lese than 1%. Spectro Grade Eastran acetone was dried over
Drierite, degaseed ard distilled in a grease-free vacuum svstem,
No irrurities could be detected.

For 31308 radlation an Osram HBC Super Pressure mercury
lamp operating at 76 volts direct current and 6+2 amps was used,
A Hanovia 5-1C0 Alpine Burner was used for wavelengths 1in the
region of 25373. The light was collimated and stray radiation
preverted from entering the ceil bv a series of screens. For

21208 the filter arrangerent described by Kaehals was used,

15, ¥. Kegha, J. Cpt. Soc. Ar.,, 38, 229 (1¢48)

supplerented by a pyrex plate and a Corning 9700 filter. A
filter corbiration of chlorire, cobalt eulphate-r.ickel sulphate
solutior and a Corrirg 986% filter was used to give radlation
of aprroxiratelv 25778, The cuantur vields for diethyl ketone
rhotolysis vere corrected for bincetvl absorption and decoﬁpo-
gitior,

A T-ghaped cuartz reaction cell was used for rhotclysis

and lickt eriseriorn measurerente, The cell was 155 rm lorg with
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a main window diameter of 38 mm and a fluorescence wirdow
diameter of 23 mm. ‘

Transmitted intensities of the exciting radiation were
measured on an R.C.A. 935 phototube connected to a Varian G.10
Graphic Recorder. Quantum yields were calculated against the
CO yleld from diethyl ketcne at 105° for 3130 K radiation and
the CO yield from acetone at 120° for 2537 A, voth of which are
unity under these conditions.s’ls Light emissionsbwere photo-
16. D, S. Herr and W. A. Noyes, Jr., J. Am. Chem. Soc.,

62, 2052 (1940)

graphed on s Hilger quartz prism spectrograph using Eastman
Kodak 102+-B plates for the blacetyl emission and 103a-0 for
the diethyl ketone emission. The intensity of the biacetyl
emission seen through a Corning filter was measured on an R.C.A.
1P21 photomultiplier tube connected to an R.C.A. WV-84A direct
current microammeter.

A conventional vacuum line was used. The products from
the photolysis of diethyl ketone -~ carbon monoxide, ethylene,
ethane, and butane -- were collected and measure® 'n a MclLeod

17
Gauge-Tcepler pump arrangement. The produc rhotolysis

lz. A. N. Strachan ani W. A. Noyes, Jr., J. Am. Chem. Soc.,
15, 3258 (195%).

were frozen in the coid finger of the reaction cell with liquid
nitrogen for 15 minutes. The volatile procducts were then left
in contact with a solid nitrogen trap for a further twenty

minutes before the carbon monoxide was removed and measured,
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The nitrogen trap or. the cell cold firger was replaced by a
dry-lce-acetore trap and the two reraining fractions ethylene-

18
ethere ard butare were separated using a Ward still ., The Ca

Traction care off at about -155° and the Ce fraction at about
~=115°, Four hours were required for the full scparation of
the butare fraction from tic residual diethyl ketone and in-
volved rcpeated warring of the ketone fror dry-ice-acetone
terrerature to room temperature.

Results

The rcsults were observed at two incident wvavelengths,
31308 ard 25378, For the irtensity measurcmerts carried out
at 31303, the fllter combirnatior. deescribed absve was reniaced
by a pyrex plate %o cbtain a larger variation in incident
intensity.

The absorbed intersity Iy is given 1a quanta/m1l/sec as
calculated from the cell volume and the rate of abscrrtion.
31303: The rate of formation of the total fractior (CzHe +
CaHa) was rensured. Trdividual values for CzHe and for CasHa
were rot ohtalred. At this wavelersth it 1s to be exrected
that the rate of fcrrmation of CaHa and of CaHe will e the same
at room temperature. If ore-half of the total Ca fractior is
taker. to represent the rate of formatiorn of ethylene, then a
value of 0.135 1s obtalned for the ratlo of rate of CaHe for-
ratlor to rate of CzHs ‘forration. Thie valun corpares favorably

9,10,12
with vrevioue rvalurtions of tiie ratio .




-6~
The variation of biacetyl emission is given in microamps.
This value is obtained from the difference in photomultiplier
readings when the cell is empty and when the cell is full.
The primary quantum yields are obtained by considering

the following reaction schene:

C2HsCOC2Hs = CaHsCO + CaHs 1.

CaHsCO = CgaHs + CO 2.

CaHs + C2Hs = C4Hio 3.

Cz2Hs + CaHs = CaHe + CaHe 4,
C2HsCO + CoHsCO = CzHsCOCCCaHs 5.
CaHs + C2HsCO = CaHsCOC2Hs 5.
CaHs + CoHsCOCgHs = CaHg + C2H4CCOCzHs T
CaH4COCoHs = CO + CoHs + CaHe 8.

Reactions 7 and 8 are not considered impor‘:ant under the con-
titions of the experiments. Reaction 8 is probanly important

19
only at low intensity and high temperature and reaction 7

which does not have a high activation energy should ve im-
portant only at low enougn intensities. The reaction between
CoHs and CaH4COCoHs radicals which would be expected to give
mainly C4HgCOCoHs 1is also considered negligible.

The primary quantum yields are estimated from the sum of

the quantum yields of the radical-radical reactiong,

Ao X = A S .
. T ‘T CaHio * l/éﬁi'cz +(i’DK +(£'K 9
A T
Where(E’C4H10"f’CZ’C&‘DK’(E)K are the quantum yields of butane,
" 4

p.
ethylene + cthsane, diketone formation, and ketone formatlon
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respectively ard ﬁﬁie the calculated primary cuantur yield.

From the overall reactiors

CaHsCOCaHe = CO + C4Hio 10
C2FsCCC2He = CO + Ca¥4 + C:He 11
2C24sC0CaHs =  CaleCCCOC2Hs + CaFio 12
2C2HsCOCa2Hs =  C>HsCOCOCa2Hs + C2Hse + C2Hs 13

LDX = GcaMao * V2Eca, - fco 14

- From ecuations 2, 4, 5 ard 6 the fix car be calculated from
eouatior 15:
- 2

" =

ik = lok { Zoamao * TCalte) 15
Two assumptiorns are receseary for the derivation of equation
15. irstly that the collisior diameter .f the ethyl radical
is aprroxirately ore-half that of the propionyl radical arnd
eecord that E% = Sa.tc where Sa, Sb and Sc are the eteric
factors involved in the reaction of two cthyl radicals, an
ethyl ard a »ropioryl radical and two propioryl radicals re-
epectively. The flrst aseumrpticn cannot be greatly in error.
The secord assumntion was tested using reeults obtaired under
corditions where the primary cuantum vield is likely to be
rearly urlty, i.e. low irtereity arnd high temmerature. Since
only '{CC ard ‘{Ca were deterrined urder theac conditiors

ch‘ was cetirated from the previouslv deterrincd relationship
1/2 {Ca = 0'135'§C4H1n' From equations 9 and 14 and assuming
¢ =1, S'K car. be cstirated. From j p, LCamyo and /2 ¢,
the ratio 84/ Sa.Sc can be calculated. The three values
obtalired for this ratio --C.76, 0,11 ard 0.20 -- are withir a

factor of 10 of the aseumed figure,
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From 9, 14, and 15 the primary quantur yield can be
estimated.Q;The principal results at 3130 R are =z follows:

1. Emissicia from Diethyl Ketone and Diethyl Ketone -
Biacetyl Mixtures -- A weak emission from about 3820 ; to about
4700 K was observed from dlethyl ketone. The emission was so
weak that no structure could be observed. Oxygen appeared to
decrease the intensity and to shorten slightly the emission
from the long wavelength end. Temperature did not affect the
emission but pressure increased the intensity without affecting
the spectrum. With a mixture of diethyl ketone and oiacetyl a
very strong emission was recorded. This emission consisted of
three bands with maxima at 5120 A, 5500 A, and 6000 A. Because
of the low intensity it was impossible to tell whether the
addition of biacetyl produced any effect on the intensity or
the spectrum of the emission.

2. Effect of Biacetyl on the Decomposition of Diethyl
Ketone and on ihe Phosphorescence of Biacetyl -- These two
effects are shown in Table I and Figure 1, res: .ectively.

Table I shows the effect of blacetyl pressure on thegf)co,55;02

S

and. D . at 25° and on © at 57°. The effect on 7 and -H
< Ca . CO ] \

i
at 25° are also shown where ™ i3 the primary guantum yield
t
v 1
calculated by equation 9 and f;; Is the 3ame guantity less the
contribution from reaction 6.

Increase in the blaceiyl presure has the following

effects: (a) At 25° and 58° there is a decrease 1n‘tfco, in

At 25° limiting values of 0.45

*4 C2Hg + CoHe’ and in 1 CaHio”
for CO, 0.11 for (CoHs + CoHg) and 0.40 for C4Hyo ~re reached at a

A
\
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TABLE I

EFFECT CF RIACETVL (N THE PHCTCLVEIS CF DIETYYI KTTONE

T = 25° ard 58° Diethyl ketgre pressure = 25 mm
Wavelergth = 3130%
Blacetyl I {703
preseure quanta’/rl/ecc - T 3
rr. x 1012 T°C.DC0 PCa BCe Foa P D
o] 1.56 25 0.71 0.18 0.65 0.28 0,519 0.77
0 1.56 25 ¢.72 0,18 0.55 0.28 0.882 0,76
0 1.56 25 G.?3 GC.19 0C.66 0.29 0.917 0.78
0.3 1.56 25 0.57 0.14 0.%4 0.26 0,806 0.65
0.5 %56 25 0.52 0.14 0.50 0.28 0.788 0.62
0.6 1.56 25 ¢.55 0.14 C.5 ¢C€.28 0.761 0.61
1.25 1.56 25 0.45 0.11 0.38 0.29
2.40 1.56 25 0.45 C.11 0,40 0.28 0.3507 0.46
c.0 1.56 59 .91
C.58 1.56 52.5 0.82
1.21 1.56 58,75 0.77
2.42 1.56 58,0 0,72
2.75 1.56 57.0 C.72
3.0 1.56 57.0 €.73




Biacetyl phosphorescence in microamperes
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blacetvl presrure of 1.2 rm., At LE° g liritirg value of 0.73
1s obtalred for %? co at a hlacetrl pressure of 2.0rm. o
vaiue for "1_1:3 Ca andl’:‘: C. Were obtaired at this terverature.
The calculated values off? and#)l also drop with increcase of
blacetvl nressure,
(b) At both temveratures the decrease irn auantur vields ie
paralleled by ar. ircrease ir. blacetvl vhosvhorescernce which
reachcs a liritirg value at a blacctvl pressure of 1.2 mm at
25° ard 2.0 rm at 58°. At 25° the liriting value is 24.2
microamps corpared to 1C.7 ricroamps at 58°,
(¢) At 25° the ratlo(é)ca/ééc451° reralre constant. No figures
vierc obtaired for this ratio at 58°,

2. The Zffeect of Terperature or the CC Quarntum Yield and
Blacetyl Phosphcreecence at High Biacetvl Pressure —- These
effects arc efhowr. ir. Table II. An ircreage 1ir ternerature
nroduces ar. ircreacge 1’*§>CO ard a decrcase 1rn blacetvl phos-

r
phorercerce in the region where {3 g ard phosphorescer.ce have
4

reached a 1limitirg value with resvect to biacetyl pressure,

TABLE II
THE EZFFZCT CF TEI'PERATURRE C! THI CC QUANTUM YIZLD AID
BIACITY/L P¥CERPYCRECCITUCT AT YIGH BIACETVL PRESSURE
o]
Slethyl Yetoro nresrure = 25 pr Vavelergth = 21304
Blacetyl prescure = 2,45 mm
Tcgr. I Phosrhorescernce of
C ‘L'Ce bincetyl ir microarpys

27.5 C.45 24,2

22.25 .51 20.75

41.5 0.58 15,2

57.0 .72 1c,1
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4, Effect of Quanta Absorbed per ml. per second on the

CO Quantum Yield -- Table III shows that at 25° and 60°

TABLE III
EFFECT OF QUANTA ABSORBED PER ML PER SECOND ON THE
CO QUANTUM YIELD
T = 25° and §0°. Diethyl ketone pressure = 25 mm. Wavelength =

3130 R.
Temp.°C. I, x 107 & oo Ie

quanta/ml/sec i L2
25 99 0.56
25 25 0.71
25 15.5 0.72 0.18
25 12.5 0.75
25 1.79 0.83 0.21
60 99 0.87 0.21
50 25 0.94% 0.22
50 15.6 0.93
60 1.79 0.93

a de.rease in the rate of atsorption per ml. increases the iéco.
o037 A. The results obtained at this wavelength are as follows:

. Variation of<§>co, and Biacetyl

5;3 C2Hy + CaHe’ @ CsHio
Phosphorescence with Biacetyl Pressure in Diethyl Ketone -~
Biacetyl Mixtures -- The above variations are recorded in

Table IV. The following effects are observed:
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TABLE IV
EFFECT OF BIACETYL PRESSURE ON THE CO, CaH4 < CaHs, C4Hio
QUANTUM YIELDS AND ON THE BIACETYL PHOSPHORESCENCE
T = 25°. Diethyl ketone pressure = 25 mm. Quanta absorbed =
2.97 x 1010 quanta/ml/sec. Wavelength = 2537 A.

Pressure s : é? /& Phosphorescence
Biacetyli £ CO éé Ca Ce i Cz Cs  in microamps.

mm

0 0.91 0.30 0.86 0.35 0
0.58 0.89 0.29 0.81 0.356 0
1.2 C.91 0.28 0.8 0.35 0

1. Increase in the biacetyl pressure does not affect the

- -
P co’ CPCz' (Ij ¢, nor the biacetyl phosphorescence which was not

observed.

o T
2. The ratlo'i’02/§?c4 rema.ns constant but shows an

-]
increase over the values obtained at 3130 A.

f
3. The i}co,@cz and CPC., increase with decreasing

wavelength,

Discussion
20
Recent work has led to the proposition of a detailed

20. J. Heicklen and W. A. Noyes, Jr., J. Am. Chem. Soc., 81,
3858 (1959).

mechanism of the primary process 1in acetone which fits the
13
broad outline visualized by Noyes, Porter, «nd Jolley to cover

simple ketones, The proposed process involves: (1) absorption
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producing an upper singlet state with a vibrational energy
depending on the exciting wuvelength. This upper singlet can
eivher decompose, pass over to an upper triplet or suffer
collisional loss of vitrational energy followed by fluorescence
to the ground state or internal conversion to the triplet
state. (2) molecules in the triplet state can elther decompose
with an activation energy, phosphoresce or undergo internal
converéion to the'ground state follbwed by phosphorescence.
The addition of molecules such as oxygen or biacetyl would
presumably remove this triplet state either in an energy trans-

21
fer mechanism as suggested by Okabe and Noyes or by direct

21. H. Okabe and W. A. Noyes, Jr., J. Am. Chem. Soc., 79, 80i,
(1957).

- 22
reaction.

Results obtained in the present work indicate that a
similar mechanism may be involved in diethyl ketone. The pro-

posed mechanism for diethyl ketone 1s given below:
1

K+hY = Kj 16.
1 3
Kn (+M) = K, (+H) 17.
1 1
K, +M = K, +HM 18,
1
Kn = decomposition 19.
3 3
K, +M = K, +M | 20.
3 3
Kn = K 21.




2 s
KO = KO 22.
b 8 b §
K = K+ h'g 23.
(+ K) = decomposition 2%,
3
Ko +K = 2K 25.
3
Ko = K 2f
3 3
Ko = K+ hg 27.
S 3
Ko +B = B, +K 28.
3 v 3
B, = B+h B : 29.

where K is a normal diethyl ketone molecule, Khx is a diethyl
ketone molecule in the upper vibrational level of the excited
singlet state, Km3 i1s a diethyl ketone molecule in the upper
vibrational levels of the triplet state, Ko; is a diethyl ket ne
molecule in the low vibrationai levels of the excited singlet
state, Koa is a diethyl ketone in the lower vibrational levels
of the triplet state, B is a normal blacetyl molecule, B, ? is

a blacetyl molecule in the low levels of the triplet state,
23,24,25,26,27
As in acetone a weak blue emission is pro-

- e - > - -

25. G. M. Almy and S. Anderson, J. Chem. Phys., 8, 805 (19%0).

24, R. E. Hunt and W. A. Noyes, Jr., J. Am, Chem. . Soc., 70,

467 (1948).

25. G. W. Luckey, A. B. F. Duncan, aad W. A. Noyes, Jr.,

J. Chem. Phys., 16, 407 (1948).

%u. G5 W. Luckey and W. A. Noyes, Jr., J. Chem. Phys., 19, 227
(;51

27. H. J. Grch, Jr., G. W. Luckey, and W. A. Noyes, Jr.,

J. Chem. Phys., 21, 115 (1953).

duced by light or wavelength 3130 R. The diethyl ketone

emission occurs in the same region as the acetone emissior but




-15-

is much weaker. The addition of oxygen reduces the intensity
slightly and appears to sherten the emission spectrum from the
long wavelength end. This suggests the removal of some triplet
state diethyl ketone but the effect is small and indefinite.

when excited by 3130 K a mixture of diethyl ketone and
biacetyl shows a» very strong green emission with maxima at
5120, 5600, and 6000 R. This is undoubtedly the bilacetyl
phosphorescence, thus indicating that the mechaniém suggested
by Okabe and Noyes21 involving the energy transfer steps 28 anad
29 is important. Corresponding energy transfer by the singlet
state can be neither proved nor disproved.

As indicated in Table I and Figure 1, the addition of
biacetyl at 3130 K reduces @ co’ J;? Ca and '@C‘ and increases
the blacetyl phospnorescence. Both effects reach a limiting
value at the same biacetyl pressure. This would indicate the
removal by the biacetyl of the triplet diethyl ketone thereby
causing a reduction in the decomposition products and an in-
crease in the triplet state biacetyl. An increase in the
phosphorescence 1is therefore produced., If this 1s the case, it
would appear that in the limiting condition where further
addition of biacetyl causes no further effect, decomposition
comes solely from the singlet state and the derrease in primary
quantum yield is a measure of the removal of the triplet state.

This conclusion is supported by the parallel increase in

phosphcorescence.,
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Prom the above mechar.ism it can be shown that

AL g, (kg + k)X
a‘*‘)s Kie 20-
) .

-f—-— = X+Y (B) 31.
'_'rT

'

B) = x*+ y*B) 2.
Q

'Jv'::herecp 3 and’!) 7 are the yields tor the singlet and triplet
states respectively, (K) is the diethyl ketone concentration,
(B) 1s the bilazetyl concentration, Q is the phosphorescence
efficlency (a purely arbitrary number obtained by dividing
the phosphorescence in microamps by the quanta abscrbed per ml
per second) and X, xl, Y, Yx are groups of constants. Equa-
tion 30 could not be verified due to experimentsl difficulty
in obtaining the right kind of data. The data in Figures 2
and 3 show that relationships 31 and 32 respectively are

reasonably well oteyed.
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on the *triplet state yield

The propionyl radical formed from the singlet state at
3130 R seems sufficiently "hot" to dissociate into an ethyl
radical and carbon monoxide. Thus this part of the primary
process leads to 2 CpHs + CO. Evidence for this is found in
the fact that the extrapolated value of E?co at infinite in-
tensity is virtually identical with the limiting value of'itco
when blacetyl is added. Prom the simplified reaction scheme 1,
2, 3, 4, and 6 and assuming (Et) = Ial/z C, where C is a con-
stant and (Et) is the ethyl radical concentration, it can be

1 =1/2
shown thatfi?co =0 4+ C Ia whiere .~ is the fraction of
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propionyl radicals which 2re "hot* and 31 is a constant. At
infinite intensity the intercept U< tends to 0.44 at 25° and
although only two points are available on the straight line
portion at 60° a value near 0.78 is indicated at infinite
intensity. while the singlet dissoclate leads seeningly to
2 CaHs + CO tnere seems to be some time lag 128the formation

of the second CpHs and of the CO. 1In acetone this is indicated

- e . > 0 . -

28, J. N. Pitts and F. E. Blacet, J. Am. Chem. Suc., T4, 455
(1952)

ty the fact that addition of I2 nearly completely suppresses CO
formation even at 2537 R.

If the addition of biacetyl suppresses dissociation from the
triplet state equally effectively at all temperatures one is
forced to the conclusion that the primary dissociation yield
from the singlet state into ethyl and "hot" propionyl radicals
increases with temperaturc and has an "apparent" activation
energy of about 7.4 kcal. The meaning of this "apparent"
activation energy is not clear but the following possibili:ies
occur to mind: a) molecules with more vibration energy in the
ground state absorb 3130 R to dissociate much more rapidly than
do molecules wiih less vibration energy. At first glance this
might lead to the prediction of a very rapid change of singlet
quantum yield with wavelength but this conclusion is subject

to the reservation that the distribution of vibration energy




ir. the molecules produced 1n the upper singlet state might be
very different depending on the mode of formatiocn; b) the upper
singlet state may last long enough before having its vibration
energy equilibrated with the surroundings to suffer a dissocia-
tion with a true activation energy. We are here confronted

with unknowns but from the meager knowledge we have concerning
loss of vibration energy and the lifetime of the upper singlet
state, such a unimolecular dissociation of thé»singlet state
may not be excluded. In the case of acetone27 the small change
of fluorescence with temperatuire argues against thils possibility;
¢) the triplet state biacetyl molecules may dissociate enough

to yield carbon monoxlide in adequate amounts at 60° to give

the observed effect. Here again we are faced with an inadequate
knowledge of the exact amount of energy transferred to the

29
blacetyl. All of the evidence from the behavior of pure
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biacetyl is against this explanation. Thus a) is the most
probable but neither b) nor c¢) may be excluded. It might be
pointed out in passing that the CO from the singlet state should
rapidly become negligibly small as the temperature is lowered,
Mezsurements of this effect would be difficult because of the
low vapor pressure of diethyl ketone.

o _
At 2537 A addition of biacetyl produces no effect on




~20-

@CO’ écz, or@c‘ and no blacetyl phosphorescence was ob-
served. Dissociation must occur from the initially formed
upper state and there is no evidence that tLhe triplet state
intervenes at all. The process again is essentially a split
into an ethyl radical and a "hot" propionyl radical, the latter
alwvays dissociating %o give carbon monoxide and a second ethyl
radical probably after a finite time interval. Insufficient
data were available to calculate CP which however must be at
least equal to @CO' The high ratio of@c2 to@c‘ is cer-
tainly due to the fornaiion of C2Hs according to reaction 7.
»At the low intensities used, abstraction would be expected to
be important. There is no evidence for or against "hot"™

ethyl radicals.,
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